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Measurement of Mercury’s rotation Co – registration method 
 laser altimeter profiles and digital terrains models derived from stereophotogrammetry (stereo DTMs) form complementary data sets 
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Mercury’s resonant rotation model 
What can we predict about the 
rotation of Mercury from its orbit? 
 
 secular and periodic parts of the orbital elements extracted by a frequency mapping tool  
 most recent ephemeris      of Mercury with      MESSENGER data     
Spin-orbit coupling 
secular part periodic part 
𝑥𝑥 𝑡𝑡 = 𝒙𝒙𝟎𝟎 + 𝒙𝒙𝟏𝟏𝑡𝑡 + 𝒙𝒙𝟐𝟐𝑡𝑡2 + �𝐴𝐴𝑖𝑖 cos(𝜈𝜈𝑖𝑖𝑡𝑡 + 𝜙𝜙𝑖𝑖)
𝑖𝑖
 with 𝑥𝑥 ∈ {𝑎𝑎, 𝑒𝑒, 𝐼𝐼,𝛺𝛺,𝜔𝜔,𝑀𝑀} 
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Measurement of Mercury’s rotation 
 Earth-based observations of Mercury’s rotation (Margot et al., 2012) could be confirmed! 
Results – Rotational parameters rotational parameter literature value  resonant rotation c measured d        (this work) rotation rate 6.1385025 °/day a 𝟔𝟔.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟎𝟎𝟔𝟔𝟏𝟏 °/day 𝟔𝟔.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟎𝟎𝟏𝟏°/day obliquity 2.04 ± 0.08′ b - 𝟐𝟐.𝟎𝟎𝟐𝟐𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟏𝟏𝟏𝟏′ libration amplitude 38.5 ± 1.6" b - 𝟏𝟏𝟏𝟏.𝟎𝟎 ± 𝟏𝟏.𝟏𝟏𝟑  
a Archinal et al., IAU report, Celest. Mech. Dyn. Astron. 109, 2011) b Margot et al., JGR Planets 117, E00L09, 2012 c  Stark et al., Celest. Mech. Dyn. Astron. 123, 2015. d Stark et al., Geophys. Res. Planets 42, 2015. 
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Measurement of Mercury’s rotation Results – Rotation rate 
Mazarico et al., J. Geophys. Res. Planets 119, 2014 
Stark et al., Celest. Mech. Dyn. Astron. 123, 2015 Archinal et al., Celest. Mech. Dyn. Astron. 109, 2011 
Klaasen , Icarus 28, 1976 
mean r
otation
 rate [°
/day] 
Stark et al., Geophys. Res. Planets 42, 2015 
 Mercury rotates faster than expected! 
possible explanation: 
• Mercury performs a long-period libration (about 12 years) caused by perturbations by Jupiter on Mercury’s orbit 
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𝐵𝐵 − 𝐴𝐴
𝐶𝐶𝑚𝑚
= (2.206 ± 0.074 ) × 10−4 
𝐶𝐶
𝑀𝑀𝑅𝑅2
= 0.346 ± 0.011 
𝐶𝐶𝑚𝑚
𝑀𝑀𝑅𝑅2
= 0.1458 ± 0.0049 
𝐶𝐶𝑚𝑚
𝐶𝐶
= 0.421 ± 0.021  
Propagation of the covariance of rotational parameters and gravity coefficients to the covariance of moment of inertia ratios (via Monte Carlo) 
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Implications on Mercury’s interior Moments of inertia 
6 
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